Ionic strength and the polyvalent cation receptor of shark rectal gland and artery.
The dogfish shark Squalus acanthias regulates plasma osmolality and extracellular volume by secreting a fluid from its rectal gland which has a higher NaCl and lower urea concentration than plasma. We have previously identified the presence of a calcium-sensing receptor or polyvalent cation sensing receptor (CaSR) on vascular smooth muscle of the rectal gland artery (RGA) and rectal gland tubules (RGT). Activity of the CaSR is influenced by changes in ionic strength. This led us to speculate that the ingestion of invertebrate sea animals increased plasma ionic strength, resulting in inhibition of the receptor, relaxation of RGA, and reversal of inhibition of chloride secretion by the RGT. In contrast, ingestion of fish could diminish ionic strength and have the opposite effect. To study the effect of changes in extracellular ionic strength, shark Ringers solutions were adjusted to three different ionic strengths with NaCl, but the osmolarities were kept constant by varying the concentration of urea. High ionic strength inhibited and low ionic strength enhanced the response to increasing external Ca2+ from 2.5 to 4.7 mM in RGT. The increase in cytosolic Ca2+ ([Ca2+]i) of cells in low, normal, and high ionic strength Ringers solution was 344 +/- 60, 201 +/- 26, and 114 +/- 15 nmol/L, respectively. The [Ca2+]i responses of RGA to external Ca2+ in Ringers of three different ionic strengths were 323 +/- 43, 231 +/- 14, and 56 +/- 11 nmol/L, respectively. Activation of the CaSR by spermine was reduced by more than 50% by high ionic strength in both RGT and RGA. Whether the small changes in shark plasma ionic strength that occur after a shark ingests marine animals with lower and higher ionic strength modulates salt secretion by the rectal gland is not yet known.